§ 1. Calibration of odorant vapor concentration vs. liquid dilution Glomerular dose-response relations of the odorants EG and MIEG were measured by varying their vapor concentrations using a liquid dilution olfactometer. The liquid dilution ratio of odorant to solvent (in our case mineral oil) may not be linearly related to vapor concentration due to deviations from ideal solution behavior 1, 2 . To avoid non-linear distortion of dose-response relations, we used a photoionization detector (PID) to extract proportional measures of vapor concentration (Fig. S1 ). For the first two steps, we followed the kinetic model of Rospars et al., . Using their notation for convenience, the kinetic scheme for two odorants U and V competitively binding to receptor R, with independent activation is:
with kinetic equations:
We assume during the odor response that the reactions are at equilibrium, set all rates to zero, and define equilibrium constants: 1U   2U  1V  2V  1U  2U  1V  2V  1U  2U  1V  2V , , , 
Eqns (S4) and (S5) lead to an expression for total concentration of activated state R*:
where: which is less than F max , and will only approach F max if η U » 1, i.e. R max * » K* (very efficient activation of downstream steps). At low odorant concentration, when K U /U » 1: At lower odorant concentrations, the downstream steps may contribute either hypoadditivity (n H < 1, negative cooperativity) or hyperadditivity (n H > 1, positive cooperativity) to the mixture interaction. In order to accurately describe mixture interactions, it is necessary to correctly incorporate cooperativity into the model. As a test of the consistency of our model, we asked whether we can describe cooperative mixture interaction in the trivial case of a mixture of a single odorant with an equal amount of itself, i.e. whether F 2D (U,U) = F 2D (2U,0). This is clearly true for Eqn (S8), because:
At low odorant concentrations, U « K U , we have:
which means that near threshold, if an equal amount of odorant is added to itself, the response is 
However, this model is unphysical because it fails the self-mixture test:
The two sides of Eqn (S16) are only equal under the special condition n H = 1, corresponding to a transduction cascade without cooperativity. The inconsistency of the model is clear at low odorant concentrations:
i.e. the response to doubling odorant concentration is scaled cooperatively by a factor of
whereas the response to mixing an odorant with an equal quantity of itself is scaled additively by only a factor of 2. In general, mixture interactions in Eqn (S15) must always be hypoadditive:
i.e. R MI ≤ 1, and Eqn (S15) could never model any hyperadditive mixture interaction.
The 2D surfaces described by Eqns (S8) and (S15) differ profoundly in their shapes over the lower halves of sigmoidal dose-response relations. We suggest that inferences regarding the existence of competitive vs. non-competitive mixture interactions based on Eqn (S15) may need revision. § 5. Modeling competitive antagonism Although we did not observe it in this study, competitive antagonism between odorants was previously reported 4 , and it can be easily accommodated as a special case of the competitive agonist model of binary mixture interaction by assuming that one of the two odorants binds and occupies the same receptor site as the other odorant, but does not activate the receptor.
Consider, for example, a situation in which the second odorant V antagonizes the response to the first odorant U. In Eqn (S1), we let the forward activation rate k 2V → 0, so that in Eqn (S3) and the antagonized mixture response is modeled by the formula: properties (e.g. polarity, hydrophobicity) may be differentially adsorbed by the olfactory mucosa and experience spatial separation by a mechanism analogous to gas chromatography [5] [6] [7] . This process is predicted to favor mixture interactions between odorant pairs with similar properties that are adsorbed in more overlapping areas of mucosa, and to reduce interactions between odorant pairs with different properties that are adsorbed in more spatially segregated areas 8, 9 . For example, polar odorants would be strongly adsorbed early in the inspiratory airstream, and this may reduce their concentrations at downstream receptors sites relative to hydrophobic odorants.
Chromatographic effects could impact glomerular responses to mixtures because glomeruli integrate convergent inputs from OSNs dispersed across broad areas of olfactory epithelium 10, 11 .
We searched for chromatographic effects on mixture interactions between EG and MIEG by corresponding responses predicted from model fits to non-mixture (single odorant) data, for Cmodel (blue circles) and AB-model (orange circles).
